A B S T R A C T Hyperekplexia (HPX) or startle disease is a rare hereditary neurological disorder characterized by generalized stiffness, excessive startle reflex to unexpected stimuli and a short period of generalized stiffness following the startle response, and can be complicated by umbilical or inguinal hernia, developmental delay and apnea spell. HPX is caused mainly by mutations in the GLRA1 gene, and has a good response to clonazepam. In this short communication we describe an 11-year-old girl with excessive startle reflex, weird laughing and developmental delay since early infancy. She also suffered from infantile spasms and generalized tonic-clonic seizures, and became seizure-free with antiepileptic drugs treatment. However, the weird laughing was still present during the treatment. Her mother also appeared excessive startle reflex during early infancy. A novel mutation in GLRA1 was detected in the girl and her mother. Consequently, she was diagnosed with HPX, and clonazepam was added. The weird laughing was dramatic improved, which hasn't been reported in HPX. This is the first report of weird laughing in a hyperekplexia patient carrying a novel GLRA1 mutation, and expanded the phenotype spectrum of HPX.
Introduction
Hyperekplexia (HPX) or startle disease is a rare hereditary neurological disorder characterized by generalized stiffness, excessive startle reflex to unexpected stimuli and a short period of generalized stiffness following the startle response. The pathogenesis involves glycinergic neurotransmission disorders, associates with the gene mutations of GLRA1, GLRB, GPHN, ARHGEF9 and SLC6A5, and has a good response to clonazepam. The clinical manifestations are complex and varied [1] , but the symptom of weird laughing hasn't been reported. We describe an 11-year-old girl with excessive startle reflex, weird laughing, epilepsy and a novel heterozygous variant in GLRA1. The weird laughing, mostly triggered by unexpected stimuli, was controlled with clonazepam.
Case study
The patient was an 11-year-old girl born of non-consanguineous parents, who presented with epileptic seizures and weird laughing. She was delivered vaginally at term, without anoxia suffocation. She appeared to be timid, with excessive startle reactions to unexpected stimuli in early infancy. The umbilical hernia occurred two months after birth. Since four months of age, she exhibited intermittent weird laughing without loss of consciousness, snicker, and discontinuous breath holding, which was mostly triggered by unexpected stimuli, occurring several times a week and lasting approximately one minute. At nine months old, she suffered from intermittent nodding with the arms flung out and the body bent forward, lasting a second but occurred close together in a series, about 10 times per day. The electroencephalogram (EEG) examination showed hypsarrhytmia (Fig. 1A) . She was diagnosed with infantile spasms, and treated with prednisone and topiramate for three years. The infantile spasms did not occur after withdrawing antiepileptic drugs, but the intermittent weird laughing continued. Generalized tonicclonic seizures started by the age of 10 with a frequency of six to seven times per day. Epilepsy was considered and topiramate was used (100 mg/d). However, there was no improvement. Finally, 300 mg oxcarbazepine and 750 mg levetiracetam daily were added to treatment, and she became seizure-free. The weird laughing was still present during antiepileptic drug treatment, occurring at a frequency of five to six times a day. The laughing was triggered by unexpected stimuli, especially an audio stimulus, or when she was blamed, and felt a sense of shame. In response, she usually covered her mouth or hid in an effort to avoid being ridiculed. Brain magnetic resonance imaging (MRI) was normal (Fig. 2C) , and the weird laughing was not accompanied by ictal activity on the EEG (Fig. 1B) .
She started talking by one year of age and could walk by two and a half years old, which indicated she had delayed in gross motor. Although she ultimately caught up on her delayed motor skills, she still had difficulties in studies. She went to a special school, and could only calculate the addition and subtraction within 10 by this time. Her mother also appeared to be timid, afraid of sudden sound stimulation, with excessive startle reactions during early infancy. Her mother had no developmental delay and the startled reflex gradually subsided after 10 years old.
Gene analysis revealed a novel heterozygous missense variant c.1286T > A (p.I429N) in the GLRA1 gene, which had not been previously reported and was absent from the 1000GP, GO-ESP, and ExAC databases. The mutation was predicted to be possibly damaging by PolyPhen-2, disease causing by Mutation Taster and deleterious by PROVEN. No mutations were found in GLRB, SLC6A5, GPHN and ARHGEF9 gene. This variant was further confirmed by Sanger sequencing and detected in her mother (Fig. 2B) .
According to the clinical manifestations and genetic test, the girl was diagnosed with HPX. Clonazepam (2 mg/d) was added to current treatment. A dramatic improvement in the frequency of laughing episodes was observed. The frequency of laughing decreased to less than four to five times in the first week and decreased to three to four times per month in the following three months.
Discussion
Hyperekplexia could be split up into two clinical forms: the major and the minor form. The major form had three typical clinical features: generalized stiffness after birth; excessive startle reflex to an unexpected stimulus and generalized stiffness after a startle reflex, while the minor form was only characterized by excessive startle [2] . The GLRA1 mutations could be detected in both two clinical forms, between which there was no genotypephenotype correlation [3] .
The clinical manifestations were varied, including apnea spell, developmental delay, umbilical hernia, inguinal hernia, hip dislocation, cautious gait, and club foot [1] . The developmental delay and learning difficulties were consistent with previous reports. Previous studies showed that individuals carrying the same mutation in a family can have different symptoms. Variations in phenotype between the proband and her mother were most likely caused by the differences in genetic penetrance of the Having similar manifestations to epilepsy, HPX was usually misdiagnosed as epileptic seizures. There has been reported more than 200 patients suffering from HPX caused by the mutation of CLRA1, and three of those patients were accompanied by epileptic seizures as follows: generalized tonic-clonic epileptic seizures, epileptic seizures at night, and infantile spasms [4] . The mutations were EX1-7del, c.921delT and c.801G > C, leading to truncation of the protein or loss of extracellular domain. But none of the others in the four pedigrees had epileptic seizures, which indicate it may be just a coincidence.
In conclusion, this is the first report of weird laughing in a hyperekplexia patient carrying a novel GLRA1 mutation, which has a good response to clonazepam and expanded the phenotype spectrum of Hyperekplexia. 
